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The mass of an electroweakly charged lepton consists of the two com- 
ponents of the electric and weak nature and regardless of the difference in 
masses, all leptons have an equal charge with his radius as well as an identi- 
cal magnetic moment. Between these currents there appear the most diverse 
connections, for example, at their interactions with an electroweak field of 
spinless nuclei. We derive the united equations which relate the mass and its 
structural parts to charge, charge radius and magnetic moment of each lepton 
as a consequence of the ideas of flavor symmetry laws. Thereby, they require 
the verification of lepton universality from the point of view of a constancy 
of the size implied from the multiplication of a weak mass of lepton by its 
all the rest mass. Such a principle gives the possibility to define the lepton 
weak masses. If this picture is not changed, leptons universally interact not 
only with photon or weak neutral boson but also with any of gauge fields. 
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It is indisputable that naturally united regularities of the nature of ele- 
mentary particles establish a flavor independent symmetry between the in- 
teractions of all leptons with each of gauge bosons. However, over fifty years 
ago when the hypothesis of lepton universality [ED, [2] was for the first time 
formulated and now when a large number of works 0, H] is dedicated to its 
different aspects [51 E] , the question as to what is the unified theoretical de- 
scription of this highly astounding symmetry of the micro-world steel has 
no unequivocal answer. An exact violation of lepton universality [7] is not 
observed experimentally [B] and remains the impression that nature itself tes- 
tifies in favor of such a symmetrical structure. Therefore, to elucidate a truly 
character of the identical interactions of leptons, it is desirable not only to 
use the difference in their masses as a stimulus to deciding the problem at 
the new level but also to raise the question as to whether there exists any 
mass type dependence of lepton universality, and if so what the expected 
connection says about the mechanism of the discussed universal phenomena. 

Many authors state that no any rest mass dependence of a particle funda- 
mental interactions and fields. Its existence would seem contradicts our ob- 
servation that electron, muon and tau lepton which possess the same charge 
and an equal magnetic moment, have the difference masses. 

It is interesting, however, that the same charge of a Coulomb nature may 
not be both an electric and a weak charge. At the same time, each of the 
existing types of leptons can interact with all gauge bosons. 

The basis for our approach is that in the framework of classical theory of 
an extensive electron a particle mass has purely electromagnetic nature. 
If take this idea, the difference in fermion masses would lead us to the impli- 
cation that muon and tau lepton possess those interactions which are absent 
in electron |10j |. But a question about their reality thus far remains open. 

On the other hand, as known, a steadiness of the electric charge distri- 
bution in lepton can be explained by the intralepton interratio of forces of 
a different nature. According to our description [11], this implies that to 
any type of charge corresponds a kind of mass. Such a principle reflects the 
characteristic features of a latent connection between the mass of a particle 
and its united field of emission. 

At the same time, it is clear that each Dirac particle of a Coulomb nature 
must have the electric [9] as well as the weak [12] mass. In other words, all 
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the mass mi and charge ei of an electroweakly charged lepton {I = e, r, ...) 
are equal to its electroweak (EW) mass and charge 

mi = m f w = m f + m JF (1) 

e, = er = ef + er (2) 

consisting of the electric (£") and weak (VK) parts. They have the crucial 
value for the photon and weak neutral leptonic currents. 

In conformity with the ideas of the quantum electrodynamics, the first of 
these currents include the following interaction [HH [TS] terms: 

fy = u(p\ s')Yi^Fu{q 2 ) - i(J^\q\F 2 i{q 2 )]u{p, s), (3) 

where = [7^,7^/2, p(s) andp'(s') denote the four-momentum (helicities) 
of incoming and outgoing fermions, q = p—p', the form factors Fn(q 2 ) consti- 
tute the current Dirac (i = 1) and Pauli (i = 2) vector Vi components. Here 
we present their in the form [H] 



F l i(q 2 ) = fu(0) + Ru(q 2 ) + .... (4) 

The values of fu(0) define the static size of lepton electric charge and 
magnetic moment. The terms Rn(q 2 ) characterize the three-dimensional mo- 
mentum transfer dependence of form factors. 

Of them Rn(q 2 ) describe the interaction between charge n radius of lepton 
and field of emission of photon: Ru(q 2 ) = —(q 2 /6) < rf > . 

It is clear, however, that each type charge of any lepton constitutes a kind 
of leptonic current. According to the standard electroweak theory [T5] . the 
latter implies that the terms Fu and F21 describing the Coulomb scattering of 
leptons do not coincide with the corresponding size from those form factors 
which arise at their interactions with the united field of emission of photon 
and weak neutral boson [TB] . 

A given circumstance may serve as a certain indication to an explicit mass 
structure dependence of lepton universality. To decide this question one must 
apply to the processes on target nuclei, because they can shed light on nature 
of the identical lepton interactions. 

Our present work is dedicated to the definition of a latent structure of 
the universal interactions of leptons with the Coulomb, weak and the elec- 
troweakly united fields of emission and of a role in their formulation of 
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the structural components of an electroweak mass. For this we investigate 
here the behavior of all types of leptons in the elastic scattering on a spin- 
less nucleus as a consequence of the availability of the Coulomb mf , weak 
mY and the united electroweak mf w rest masses and of the electric /iz(0) 
charge, charge 77 radius and magnetic f2i{0) moment of longitudinal polarized 
fermions with the vector neutral V\ currents. 

Insofar as the axial-vector A\ currents are concerned, we will start from 
the requirement [T7] that the same particle possesses simultaneously only one 
of the currents, Vi or A\ but not of each of them. Our reasoning refer to those 
leptons, among which no fermions with A\ currents. 

The scattering of leptons by nuclei in the limit of one-boson exchange can 
therefore be described by the matrix elements 



M% = ^We, s'H^ifFM + \ql < r? >e\ 
Te 6 



" i^ x q A E fi(0)}u(p E ,s) < f\j;(q E )\i >, (5) 

G 
Mfi = -y=u{p' W: s')-i^g Vl u{p w , s) < f\jf{q W )\i > ■ (6) 

Here / = 1^ r (Ir jL ), q E = Pe ~ p' E , Qw = Pw ~ Vw^ Pe{pw) and p' E (p' w ) 
imply the four-momentum of a particle before and after the Coulomb (weak) 
interaction, the functions / z f and < rf > E describe a latent electric mf 
mass dependence of lepton charge, charge radius and magnetic moment, 
and characterize the nuclear currents in the processes with photon and 
Z°-boson, gy l denotes the weak neutral leptonic current vector part constant. 

We have already mentioned that any type lepton can have simultaneously 
both Coulomb and weak masses P, [12] . Therefore, from the point of view of 
each of the scattering amplitude (Ej) or (Ej), it should be added [IB] that to 
the process going at the expense of an electroweak interference answers the 
naturally united interaction 

ReM%Mf = ^^ReA EW A f EW { 1 ,[f I ll (0)+ 
V Hew 

I 

+ qQew < r f >/]- 
- iv»\qEwf2i(°)h»9v l J] t (QEw)jf(qEw)- (7) 
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The appearance of fd and < rf >i in it is explained by the availability of 
compound structure of mass and charge. Here we have also used the size 

Qew = Pew — Pew 
^ew = u(pew, s)u(pew, s), 

^EW = u {PEWi s ) u {Pewi s )• 
In the case of nuclei with the electric Z and weak Zyy charges and of lon- 
gitudinal polarization of leptons, the differential cross section of the studied 
process on the basis of flS}-© an d the standard definition 

can be presented by following manner: 

d<7E,w(®E,w, s, s') = do v E l {d E , s, s')+ 

+ daJ l (9 E w,s,s) + dcr w (6w,s,s'), (9) 
where the first term corresponds to the Coulomb scattering and has the form 

^ ( ^' s ' s,) = - virm + ss')us- 

-f < r] >e (mf) VF+ 

+>/l(i-^)[(/ 1 f-f <n 2 > £ K)V) 2 + 

+ 4(mf ) 2 (1 - n E y(fi?\t/-f}Fl( q %). (10) 

The interference cross section explained by the electroweakly united inter- 
action (J7j) is equal to 

- I < rf >, (mnWw^/^Fdllw)- (") 



The purely weak contributions are written as 

^' ,| '' ) = ^gP^, WU + cos 2 6 f+ 

+ (X- ss ') s ^ e f}Fl( q l.). (12) 
Here and further we must keep in mind that 

E _ c? 7 j _ 2G F (mf w f 

2 2 2 

EW _ a ^EW __ VK 

o At Eff\o i ®K 



4(mf w ya EW ' (l-^)co S 2(^/2)' 

% _ rnf_ 

1K (l-^)sin 2 (^/2)' ^ Ef ' 

F^(g|) = ZF c (g|), Fj(^) = ZZ w F 2 (q 2 EW ) : 
Fw(q w ) = Z w F c (q 2 w ), q\ = -4(mf ) V, 

^ = Z + iV, M T = i(Z-iV), 
$ ] = -2 sin 2 ^, = X - - 2 sin 2 W , 

^ = -i + 2sin 2 ^, A- = E,W,W. 

Among them are the scattering angles in the Coulomb, electroweak 
and purely weak processes at the corresponding energies of leptons Ef , the 
functions F c (q 2 K ) are the charge (F c (0) = 1) form factors of a nucleus in these 
three types of interactions, Mt is the projection of its isospin T, ffl and (3$ 
are the isoscalar and isovector constants of the nuclear vector neutral current. 

The formula ( TTUI ) contains the purely self interference contributions (fff ) 2 
and < rf >e as well as the contribution /jf < rf >e of the mixed interference 
between the interactions of lepton charge and charge radius with photon. 
Any of these components of Coulomb scattering cross section answers to the 



6 



formation of one of the left-right and the right-left [IB] or of the left - and 
right-handed [19] dileptons of the vector currents: 

{11 A), (13) 

(*!,£), (14) 

At the availability of the interaction (Ej), each of such parafermions must 
lead to the appearance in the scattering cross section ( TTTT ) of one of its struc- 
tural parts gvifd or gy x < rf >j and that, consequently, the behavior of 
dileptons in the nuclear charge field depends on the nature of their lepton 
interactions. Therefore, from the point of view of ( 1T2T ) and its self interference 
contributions gy it should be expected that the possibility of the existence 
of parafermions of the weak neutral currents is not excluded. 

Turning to (ED, we remark that it doubles the size of mixedly interference 
cross sections. However, according to the considerations of symmetry, the 
number of dileptons and the structural phenomena in which they appear 
coincide. Of course, this conformity requires the separation of any type of 
the mixedly interference contribution into the two. 

Furthermore, if it turns out that the terms (1 + ss') and (1 — ss') in each 
of (1TUD-(1T2D implies the existence in left (s = — 1) - and right (s = +1)- 
handed leptons of the vector nature of those types of interactions which are 
responsible for the scattering with (s' = s) or without (s' = —s) flip of their 
helicities, taking into account of the latter, one can replace ([3) for 

d°E,w(0E,w, s) = da^(9 E , s) + ^daJ l (9 EW , s)+ 

+ \daf(e EW , s) + da%(e w , s), (15) 
where to purely Coulomb scattering corresponds the cross section 

da]j{0E, s) = da^(9 Ej ffi, s) + \do^{9 El < rf > E , s)+ 

+lda E ! (9 E Jl<rf> E: s)+ 
+ da v E l (9 E , < rf > E , s) + da^(9 E , /|, s), (16) 
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dn dn dn 

= of (1 - ^(l + T&tfY)US) 2 n(<&), (17) 
Af, < rf > s , s) ^(^, Ai < r 2 > E , s' = s) , 



= -J(-f) 2 7^f(l-,|)- 1 x 

x(i + ^ 2 ^)Al<n 2 >^^l(4), (is) 

da^(6 E , < rf > E , s) da^(9 E , < rf > E , s' = s) 



dn dn 

da^(9 Ej <rf > Ej s' = -s) ^ 

dn 

= - 9 (mF)S E 2 ^(l-V 2 E r 1 x 
x(^vWY)<rt>EF E (q 2 E ), (19) 
da v E l (e E J 2 E h s) da v E l {6 E Jls> = -s) 



dn dn 

= 4(mf ) W(l " ^) 2 (/ 2 !) 2 ^(4)^ 2 y- (20) 

The second term in ( IToT ) answers to the scattering going at the expense of 
the electroweak interference and must have the following structure: 

daJ l (6 EW , s) = daJ l (9 EW ,g Vn f( b s)+ 

+ daJ l {e EW :9Vn<rf >/,s), (21) 

daf{e EW ,g Vn f[ b s) = daJ l {e EW ,g Vn f( b s' = s) 

dn dn 
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daJ l {0EW, 9Vn f\b s ' = s) = 

dn 

x (1 + VEwt/^QvjtiFdqlw), (22) 



d(7j l (0EW,gv P < rf >i,s) daJ l (6 EW ,g Vn < r'f >j,s' = s) 



dn dn 

daJ l (9 EW ,g Vn < rf >i,s' = -s) ^ 

dn 

_ 2 / m W\2 -1 ~EW(-\ n 2 \-l v 

— — 3 7ewPew& I 1 - Vew) x 

x (1 + VEwtg 2 ^^ < r? >/ (23) 

In the same way one can write the cross section of purely weak interaction 
of partially longitudinally polarized leptons with neutral currents 

d&w(0w, gy v s) _ dafy(9 w , g Vv s' = s) dafy(9 w , g Vl ,s' = -s) _ 



dn dn dn 

G F {mY) 2 _2n , 2 . 2 7^2 / 2 \ 2@W , nA \ 

= — ^ — I 1 + Vwtg -y)9vi F w\Qw) cos -y ■ ( 24 ) 

By following the structure of formulas ( 1T5T) -( 121T) . it is easy to observe the 
negative signs of cross sections ( TTHT ) and ( 1231 ) which testify in favor of coex- 
istence of the electric /i/(0) charge of lepton and its charge r\ radius. On 
the other hand, as follows from our earlier developments, between fu and fix 
there exists a connection [131, [20]. At the same time, lepton itself possesses 
simultaneously each of these three types of vector currents. 

To establish their nature, it is desirable to reduce (Ej) after averaging the 
cross sections (Il0l)-( 1T2T) over s and summing over s' to the form 

d*lw(°E,w) = da v E \9 E ) + \daf{6 EW )+ 

+ \d(jf{e EW ) + d(j§(e w ). (25) 
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As well as in (TToT). any term here describes a kind of the process and has 
the most diverse structure: 

d^(9 E ) = da^(9 E , fS) + \da v E \9 E , ffi, < rf > E )+ 

+\da v E l {9 E J^<rf> E )+ 

+ dal l (6 E , < rf > E ) + da*(6 E , fg), (26) 
daJ l (9 EW ) = daf(0EW, 9v v fu) + daf(6 EW: g Vn < rf >/), (27) 

^(M = ^&(% 5 ^)- (28) 

Each cross section in them coincides with the corresponding components 
from solutions (TTfij). (I2~T1). (Elj) and that, consequently, we have 

da^(e E J 1 E l ) = da^(e E J 1 ls) : (29) 

dt%(e E , fil < rf >e) = do v E \e E , fl < rf > E , s), (30) 
do%(0 E , < rf > E ) = do v E l {d E , < rf > E ,s) : (31) 
d^(e E: fi) = da^(e E: fls), (32) 

dcrJ l (9 EW , gvnfli) = d(Tj l (9 E w, 9v v fih s )> (33) 

daJ l (6 EW ,g Vp < rf >j) = daJ l (6 EW , g Vl , < rf > 7 , s), (34) 

da^r(6 w ,g Vl ) = dafy(6 w , g V[ , s). (35) 

Basing on ( 1151 ) and (I2~5l). one can think that either an incoming lepton 
flux consists of longitudinal polarized particles or in it no fermions of any 
spin polarization. It is not difficult to see, however, that this is not quite 
so. The point is that the behavior of elementary particles of a definite helic- 
ity depends not only on their dynamical properties [EH EE] but also on the 
nature of medium [22] where they interact with matter. In other words, a 
fermion passing through the field of emission suffers a strong change in his 
spin direction. Thereby, the possibility of the presence of both longitudinally 
polarized and unpolarized leptons in fluxes of initial and final fermions is not 
excluded. The scattered particles can therefore constitute a partially ordered 
set of outgoing leptons. 
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Of course, to this class corresponds a set of cross sections. In our case, 
from ( IToT ) and (123), we are led to the following class: 

d&E,w = {d& E \w(®E,w, s), d(jE W (6 E) w)}- (36) 

Its elements describe a situation when any of cross sections ( TT5T ) and ( 1251 ) 
constitutes a kind of the structural subset: 

d<jlw(e E ,w, s) = {da v E l (6 El fl s), l -da v E l (6 E , < rf > E , s), 

^da^(e E jf h <rf > E ,s), da v E l (9 El <rf > E ,s), 
do v E l {d E , fi, s), ^daJ l (9 EW , g Vv f( b s), 
^doY l (0EW,9v v fib s )> \d(jf{6 EW ,g Vv < rf > h s), 

^daJ l (0 EW , 9v v < r i >h s ), dafy(6 w ,g Vl ,s)}, (37) 
d° V iw(0E,w) = {d^(9 E , f$), \do v E \9 E , fl < rf > E ), 
\da Y E \9 E , < rf > E ), do v E \9 E , < rf > E ), 
d(J E (0 E , fi), ^daj 1 (6 EW , g Vl , fd) , 
-d<jJ l (9 EW ,g Vl , fu), -daJ l (9 EW ,g Vl ,< rf >/), 

-daJ l (9 EW ,g Vl , < rf >/), dafy(9 w , g Vl )}. (38) 

Both subclasses, according to (E2])-(EI5D, must be equal. However, a coin- 
cidence of cross sections ( IToT ) and (ESD can take place only in the case where 
they answer to the different processes of formation of the same dileptons. 
Such a possibility is realized if all elements of sets ( 1571 ) and ( 1551 ) correspond 
to one of the four types of spin states of parafermions. This says in favor of 
the equality of the studied process cross section structural parts. 

Another serious basis for such an universality is the existence in leptonic 
families of doublets or singlets of flavor symmetrical connection [T7] of the 
left - and right-handed or the two left (right)-handed leptons of a definite 
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type. Similar dependence can appear as a consequence of the availability of 
the unified force responsible for the structure of dileptons. This unification 
convinces us once again that one must use the flavor symmetry as a theorem 
23, 123] about the equality of cross sections of the interaction with field of 



emission of the structural components of all types of leptonic currents. 

Thus, it follows that between the currents ff h < rf >e, fiu fib < r f > i 
and gv l there exist a hard connections, owing to which the interratio of each 
pair of elements in sets ( 15T1 ) and ( 1551 ) is not different from unity and thereby 
allows to establish the forty two relations. 

Together with the sizes of cross sections ((212)- the latter constitute a 
system of the twenty one most diverse equations. They are of course con- 
nected as well as with the functions of variables Ei, t]k, Ok, and thus directly 
with the square of momentum transfer. Therefore, for establishing their ex- 
plicit form, it should be chosen Ef so that to the case q K — > corresponds 
a kind of scattering angle. 

At the large energies {Ef ^> mf ) when t]k — > 0, q K — > 0, 9k — > 0, the 
exploring limits are reduced to the exact values [El E5] , because of which the 
structure of investigated relations becomes fully definite. 

To elucidate their ideas, it is desirable to use five equations from the 
original system: 



jgjjKgg, < rf > E ) = 1 d(jY(6 E w,gv v fli] 

dv V E l (e E Ji) ~ ' 2da^(6 E J 1 E l ) 

2dafy(6 w ,g Vl ) daJ l (6 E w, 9v < rf >i) _ 

da%(0 E ,fii:<rf > E ) ' daJ l (6 E w, 9v n fid 



= 1, (39) 



(40) 



Uniting ( 1591 ) and ( IIOT) with expressions of cross sections (1291)-(1551) and 
having in view the limits 

2 

/ ■ ^jK _ _ 9 

lim m ^ fiK ^ {1 _ ^ )Bin 2 (6ljr/2) " A 

r r/|sin- 2 (^/2) _ 

m ^"°'^°(l + vWiOE/2)) co#(0 E /2) ~ 4 ' 



one can found again from them that 



i < rf > E (raff = ±/*(0), (41) 
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I < rf > E mf = ±/#(0), (42) 
(/*(0))» = ^^p^/£(0), (43) 

1 <T r 2 -> f E (n\ - n 2 G2 F( m T) 2 ( Z W\ 2 



J<rf>/(fnr) J = /J(0). (45) 



The solution of this system may be written as 



fS(P) = 9v^^Z' w , (46) 



a- 



f§(0) = to^Zg-Zb, (47) 



W\2 



JiAv) - 9v t — — — ^ 



_ * 

n 

W 



2ttV2c 



(48) 



2 ^ i 3Gp m\ 
2nV2a mf 



< rf > E = ±g Vl -p^ r ^Z' w , (49) 



<*>™£k{$*) ^ (50) 

The presence of = Zw/Z in currents ( ]4T^ -( j5U1) simultaneously includes 
in the discussion as well as the possible change of their self values in the target 
nucleus isotopic structure dependence. 

To exclude this influence, we must at first choose a nucleus with an equal 
number of neutrons and protons. At the same time, one should keep in mind 
that fu(0) = fS(0) + /5(0), MO) = fi (0), < rf >=< rf > E + < rf >j . 

Using in them ()4l)l)-(15Ul) at N = Z, we establish here an explicit mass 
structure dependence of leptonic currents of the vector nature 

/iK0) = -gv F ' ' sinH w , (51) 
7TV 2a 

/2/(0) = -^^^sin 2 ^, (52) 



27TX/2, 



a 
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2 3Gf mf I (mff + (mff \ . 2 

K r < >= ~ 9V ' 2wr a mf ( 3 " 1 sm ^ (53) 



Taking into account ([T]) and all what the standard electroweak theory says 
about fermions, it is not difficult to express (15TT)-(153T) in a latent united form 



fn(0) = e h f 2 i(0) = m = (54) 

2mi 



2. 3/W n {mff + {mfr 



<ri>=^k 3 - ^ " ' 2 V ^ , (55) 



mf v mj 



in which 



e ' = "fi'Vi 7^ sm % (56) 

7TV ^« 

corresponds to the lepton renormalized charge. 

So, we have learned that jii coincides with a Dirac value of magnetic mo- 
ment. Insofar as its anomalous part [2Z] is concerned, analogously to how fd 
and < rf >j components of charge and charged radius arise in electroweakly 
united processes with these currents, it can appear only in the case when the 
interaction originates at the expense of exchange by the two photons. 

If we suppose [2S] that sin 2 9w = 0.231, jointly with well known laboratory 
facts [22] , the solution ( 1551 ) predicts the size of the lepton weak masses rn^ = 
9.92 • 1CT 2 eV, mjf = 4.8 • 1(T 4 eV, = 2.85 • 1(T 5 eV. 

This presentation is based logically on the equality of the absolute values 
of charges of electron and other types of leptons, because of which the relation 
( 1561) suggests one more highly important connection 

m l mi = const. (57) 

Thus, at the availability of rest mass and its structure, all leptons regard- 
less of the difference in masses, must have the same charge with his radius as 
well as an equal magnetic moment. It is not a wonder therefore that if ( 1571 ) 
holds, then, for example, leptons universally interact not only with 7 or Z° 
but also with any of gauge bosons. Of course, such a regularity reflects the 
characteristic features of the structure of mass, charge and thereby opens of 
principle possibility for establishing the nature of an universality of all types 
of interactions of particles and fields. 
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